Background and Aims: Hypercholesterolemia is a common finding in patients with primary biliary cholangitis (PBC) and is a well-defined risk factor for cardiovascular disease. However, studies have been mixed on whether PBC patients do, in fact, have higher cardiovascular risk. The aim of this study is to review the current literature and provide an evidence-based assessment of cardiovascular risk in PBC patients. Methods: We performed a systematic literature search on PubMed regarding patients with PBC and cardiovascular events from the database inception to July 1, 2017. A total of 33 articles fulfilling our inclusion criteria were found. Results: The majority of the studies evaluated yielded no statistically significant difference in cardiovascular disease in the PBC population compared to the general public. However, some reports found a statistically significantly increase in coronary artery disease. Several studies have looked at the specific lipid profile of patients with PBC with hypocholesteremia. While these lipid abnormalities differ by stage of disease, there is evidence to suggest that the specific lipid profile in PBC may have lower atherogenicity than in patients with hypercholesterolemia without PBC. Studies looking at patients with PBC with other risk factors for cardiovascular disease, such as hypertension and metabolic syndrome, have consistently found a higher risk for cardiovascular disease in these patients. Statin treatment is effective in reducing lipid levels and possibly improving endothelial inflammation in patients with PBC with hypercholesterolemia. Conclusions: There is not enough evidence to suggest an increased risk of cardiovascular disease in patients with PBC with hypercholesterolemia, except for those individuals with concomitant features of metabolic syndrome. In patients with PBC with no additional cardiovascular risk factors, individual risk/benefit discussion on lipidlowering treatment should be considered. Citation of this article: Suraweera D, Fanous C, Jimenez M, Tong MJ, Saab S. Risk of cardiovascular events in patients with
Introduction
Hypercholesterolemia is a well-defined risk factor for cardiovascular disease in the general population. 1 However, in patients with primary biliary cholangitis (PBC; formerly known as primary biliary cirrhosis), the role of hypercholesterolemia in cardiovascular disease remains unclear. PBC is an autoimmune, cholestatic liver disease that results in progressive destruction of the intrahepatic bile ducts, leading to chronic liver damage. 2 The incidence of PBC ranges from 0.33 to 5.8 per 100,000/year, with a prevalence rate of 1.91 to 49.2 per 100,000. 3 The peak incidence of PBC corresponds to middle-age, with women being affected at a higher rate (of 9 to 1). 3 The clinical presentation of PBC can be divided into four stages. The preclinical stage is marked by the presence of a positive antimitochondrial antibody, without any symptoms or other lab abnormalities. The asymptomatic stage includes the development of abnormal liver tests, while remaining asymptomatic. The third stage involves the development of symptoms such as fatigue and pruritus. Lastly, the development of cirrhosis and liver failure marks the fourth and final stage of PBC. 4, 5 Lipid abnormalities are a common laboratory finding in patients with PBC. However, studies have been mixed on whether these abnormalities translate to an increase in cardiac and cerebrovascular risk. Several studies have concluded that patients with PBC may have impaired cardiovascular function. [6] [7] [8] [9] Other studies found no increase in cardiovascular events in PBC patients. [9] [10] [11] [12] [13] [14] In this review, we aim to evaluate the current literature available on PBC and cardiovascular risk, with the goal of providing an evidencebased assessment of cardiovascular risk in PBC patients. Furthermore, we aim to provide guidance for future areas of investigation in this area.
Methods

Search strategy
We searched the PubMed database for all studies regarding patients with PBC and cardiovascular events from its inception to July 1, 2017. We used a combination of the keywordsand 'cardiovascular events'. We also manually searched manuscript references to identify additional studies that may have been missed with a MEDLINE-assisted strategy. Two reviewers independently and in duplicate assessed the eligibly of the studies (Fig. 1 ).
Inclusion and exclusion criteria
We included all English language studies published in scientific journals that provided data about cholesterol levels (including total cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), and triglycerides), cardiovascular risk and lipid-lowering treatment of adult patients with PBC.
Results
Cardiovascular risk
In light of the high prevalence of hypercholesterolemia in patients with PBC, several studies have evaluated the cardiovascular risk in this population (Table 1) . Most studies have not found an increased cardiovascular risk in PBC patients. Doycheva et al.
10 evaluated 180 patients with PBC compared to 151 controls and found that there was no statistically significant difference in rates of developing cardiovascular disease (10% in PBC and 7% in controls, p = 0.3). Of note, although the two groups had no baseline differences in prevalence of hypertension or diabetes, there was a statistically higher rate of tobacco use in the control group than in the PBC group (63.6% vs. 35%, p < 0.001). In a large population-based cohort study involving 930 patients with PBC and 9,000 controls, no statistical difference was found in the rates of any vascular event (hazard ratio (HR): 0.99, 95% confidence interval (CI): 0.77-1.27), myocardial infarction (HR: 1.04, 95% CI: 0.67-1.62), stroke (HR: 0.98, 95% CI: 0.73-1.31) or transient ischemic attack (HR: 0.66, 95% CI: 0.38-1.16). 15 Another retrospective analysis of Dutch PBC deaths from 1979 to 1992 found no statistical difference in standardized mortality ratios of ischemic heart disease and acute myocardial infarction from the control group. 16 A prospective, USA-based study on 312 patients with PBC, who were followed for a median of 7.4 years, found that the incidence of atherosclerotic death was not statistically different when compared with an age-matched and sex-matched USA control population. 17 Conversely, some studies have shown a possible increased risk of cardiovascular disease in patients with PBC. A large Swedish study of hospitalized patients with a main diagnosis of immune-mediated disease (336,479 patients) without coexisting coronary heart disease were followed from the time of first hospitalization for coronary heart disease.
14 Using the total population of Sweden as a reference, standardized incidence ratios for coronary heart disease were calculated, with PBC having a ratio of 3.32 (95% CI: 2.34-4.58). In addition, a systematic review and meta-analysis of four observational studies found a statistically significant increase in the risk of coronary artery disease. 9 A total of 3,362 patients and 413,619 controls met the inclusion criteria for those authors, and a relative risk of 1.57 (95% CI, 1.21-2.06) was found. It was concluded that there could be an increased risk of coronary artery disease in patients with PBC and that the majority of previous studies may have not found a significant difference due to limitations in sample size. Another systematic review and meta-analysis done by the same authors on the risk of cerebrovascular disease in patients with PBC did not find a statistically significant increase in risk. 13 While the studies showing an increased cardiovascular risk in patients with PBC are certainly a minority, it is important to note that it may be that current studies did not have the sample size and longitudinal follow-up needed to discern a risk, a conclusion also reached by another systematic review. 18 
Atherogenesis
Atherogenesis is a disruption in the arterial wall due to a complex series of events involving lipid deposition, that is the basis atherosclerotic cardiovascular disease. Some studies have shown that hypercholesterolemia in PBC may not have the same level of atherogenesis as seen in the general population. This may be due to the specific lipid profile exhibited by PBC patients (Table 2) . 19 One small study found that patients with PBC tended to have increased levels of plasma HDLs and decreased platelet aggregation, which may contribute to the relatively low degree of atherogenicity seen in this population. 20 Other studies have also found that patients with PBC with hypercholesterolemia also tend to have elevated HDL levels. 17 HDL is known to have a protective effect against cardiovascular disease. 21 Apolipoprotein A1 and A2 are the major proteins in HDL. There are two major classes of apolipoprotein A1-containing lipoproteins: LpA1, which contains apolipoprotein A1 but not A2; and, LpA1:A2, which contains both. 22 There is evidence that LpA1 may have antiatherogenic properties. 23 A study measuring levels of these apolipoproteins in 31 patients with PBC found that LpA1 concentrations were greatly increased in those patients. 24 Furthermore, the fraction of total apolipoprotein A1 was greater in the patients with PBC. The authors concluded that PBC is likely associated with an altered distribution of apolipoprotein A1, favoring an increased concentration of the protective LpA-I particles.
Lipoprotein(a) is an independent risk factor for atherosclerosis, and high serum concentrations of lipoprotein(a) have been found in patients with coronary heart disease. 25 Patients with hypercholesterolemia associated with PBC may 
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Journal of Clinical and Translational Hepatology 2018 vol. 6 | 119-126 have levels of lipoprotein(a) similar to controls without hypercholesterolemia. A study evaluating serum lipid levels in 39 patients with PBC compared to 29 controls found that, despite an elevation of overall lipoproteins in the PBC patients, there was no difference in lipoprotein(a) levels between the two groups (10 mg/dL vs. 11.5 mg/dL, p = 0.64). 26 A similar conclusion was reached in a study by Gregory et al. 27 comparing 42 patients with PBC, 39 matched non-PBC liver disease patients and 432 community control subjects. The authors found that there was a reduction of lipoprotein(a) concentrations in the PBC group compared with the healthy controls (28.5 mg/L vs. 75.0 mg/L, p < 0.005) and non-significant reduction when compared to the non-PBC liver disease group (52.0 mg/L). Within both the liver disease and PBC patient groups there were significant negative correlations between lipoprotein(a) levels and bilirubin (R= −0.564, p < 0.001 and R= −0.395, p = 0.010 respectively). Of note, one study evaluating serum homocysteine and lipoprotein levels in chronic liver disease patients, including patients with PBC, postmethionine load suggested that levels of lipoprotein(a) were similar to controls without chronic liver disease. 28 Another important component of the atherogenic process is adiponectin, an antiatherogenic factor that has been shown to have a protective affect against atherosclerosis and metabolic syndrome. 29, 30 A study comparing 137 patients with PBC, 30 patients with non-alcoholic steatohepatitis (NASH) and metabolic syndrome, and 137 matched controls found that serum total cholesterol was significantly higher in PBC and NASH patients than in controls (221.6 mg/dL vs. 221.7 mg/dL vs. 209.8 mg/dL respectively, p < 0.05) with serum adiponectin, resistin and leptin concentrations significantly higher in PBC patients than either NASH patients or controls (p < 0.05). 31 Further analysis showed that adiponectin correlated with histological progression of PBC (p = 0.001) and negatively with body mass index (p = 0.01). The authors concluded that the increase in adiponectin found in patients with PBC may contribute to the lower-than-expected levels of atherosclerosis seen in this population.
Patients with hypercholesterolemia and PBC have a substantial portion of circulating lipoprotein X, which has been shown to reduce atherogenicity of LDL cholesterol by preventing LDL oxidation. 32 Su et al. 33 evaluated LDL oxidation times in 13 patients with PBC with hypercholesterolemia compared to 71 controls with hypercholesterolemia and found a significantly increased delay in the PBC group (192.4 m vs 144.2 m, p = 0.03). 33 There was no significant difference in the intimamedia thickness (IMT) of the common carotid artery and plaque scores for the extracranial carotid artery between the two groups. Additionally, serum antioxidant activity is reportedly elevated in patients with PBC, having a strong positive correlation with bilirubin levels. Studies have shown that the lipid profile in patients with PBC changed with progression of the disease. Jahn et al. 35 noted that early and intermediate histologic stages of PBC displayed mild elevations of very low density lipoproteins (VLDL) and LDL, with marked increases in HDL. However, in patients with advanced disease, marked elevations in LDL with the presence of lipoprotein X and a significant decrease in HDL were seen. These changes are likely multifactorial. Cholesterol absorption and synthesis is markedly reduced with severity of PBC along with a reduction in biliary cholesterol and bile acid secretion. 36 Several studies have evaluated endothelial function in patients with PBC and concluded that hypercholesterolemia in PBC is not associated with subclinical atherosclerosis. Cash et al.
12 compared 51 PBC patients to 34 control subjects and found that PBC patients appeared to have increased endothelial dysfunction and inflammation, while concurrently having a deficiency in antioxidants. C-reactive protein, sICAM and sVCAM were significantly elevated in PBC patients (469.14 vs. 207.13, p < 0.001; 768.12 vs. 308.03, p < 0.001; 708.40 vs. 461.31, p < 0.001), whereas antioxidants such as ascorbate, vitamin E and vitamin A were significantly lower in PBC patents (39.91 vs. 72.68, p < 0.001; 2.63 vs. 3.14, p = 0.02; 1.08 vs. 1.81, p < 0.001). However, the study also found that PBC patients had a lower pulse wave velocity (8.22 m/s vs. 8.78 m/s, p = 0.022), indicating a possible lower cardiovascular risk. Alloca et al. 11 looked at IMT and stenosis of the carotid arteries to evaluate for atherosclerosis in 103 PBC patients compared to 37 control patients with hypercholesterolemia and 141 controls with normal cholesterol levels. The authors found that controls with hypercholesterolemia had a higher IMT and prevalence of carotid stenosis when compared to PBC patients with hypercholesterolemia (0.292 mm vs. 0.616 mm, p < 0.00; 43% vs. 19%, p = 0.129). The authors concluded that hypercholesterolemia is not associated with subclinical atherosclerosis in patients with PBC.
Cardiovascular risk and comorbidities
Patients with PBC who have additional cardiovascular risk factors other than hypercholesterolemia do have a higher risk for cardiovascular disease (Table 3) . A prospective Italian cohort study of 400 patients with PBC for 6.2 years found that, although there was a similar incidence of cardiovascular events, concurrent hypertension was associated with an increased risk of cardiovascular events compared to the general population. 37 A similar conclusion was reached in a study by Wang et al. 38 evaluating 41 patients with PBC and coronary artery disease among 2,675 PBC cases over 7 years. In the logistic regression, hypertension was selected (with vs. without, p < 0.001; odds ratio: 1.597; 95% CI: 1.139-2.05), and the authors concluded that PBC patients with concomitant hypertension should be monitored carefully for coronary artery disease.
Metabolic syndrome is an important risk factor for cardiovascular disease in the general population. Likewise, patients with PBC and metabolic syndrome may be at a higher risk of cardiovascular events. This is supported by a study from Floreani et al. 7 comparing 171 PBC patients to 55 patients with PBC and concomitant metabolic syndrome, finding 40 Another study by Alempijevic et al. 41 found no statistically significant increase in metabolic syndrome in PBC patients when compared to matched controls, even though patients with PBC had significantly higher levels of cholesterol. The authors concluded that lower levels of visceral fat may play a role in the lower incidence of cardiovascular evens in patients with PBC.
Lipid-lowering treatment
Ursodeoxycholic acid (UDCA) is the first-line treatment for PBC. 42 UDCA has also been shown to have lipid-lowering properties. Poupon et al. 43 evaluated the effects of longterm UDCA on 17 patients with PBC compared to 16 patients with PBC receiving placebo for 2 years. The total serum cholesterol was significantly reduced in the UDCA-treated group compared to the placebo-treated group (p < 0.02). A randomized, placebo-controlled study evaluating the effects of UDCA on serum lipids in 177 PBC patients found a significant decrease in total cholesterol levels at 1 and 2 years of treatment. 44 Of note, there was no significant effect on HDL or triglyceride levels. The authors found that the change in the serum cholesterol levels at 2 years was strongly correlated with the change in serum bilirubin (r = 0.70; p < 0.001), which may indicate that the cholesterol-lowering effect of UDCA may be related to improvements in the underlying liver disease versus a direct effect on cholesterol metabolism.
Statin therapy has been the mainstay of treatment of hyperlipidemia in the general population and an important medication in the treatment and prevention of cardiovascular disease. Statin therapy has also been shown to be effective in cholesterol reduction in the PBC population (Table 4) . One study by Del Puppo et al. 45 involving 6 patients with PBC treated with simvastatin found a 34% decrease in cholesterol levels in 30 days. In a randomized, placebo-matched study involving 21 PBC patients treated with simvastatin (20 mg daily), patients in the treatment arm were noted to have decreased lipid hydroperoxides (0.49 mmol/L vs. 0.59 mmol/L, p = 0.10) while having a slight increase in vitamin C levels (80.54 mmol/L vs. 77.40 mmol/L, p = 0.95) after 12 months of treatment. 46 As expected, LDL levels decreased significantly (2.33 mmol/L vs. 3.53 mmol/L, p = 0.01) and were significantly lower than in the placebo group (4.91 mmol/L vs. 6.15 mmol/L, p = 0.01). However, there was no significant difference in pulse wave velocities of the two groups (8.45 m/s vs. 8.80 m/s, p = 0.66).
The use of atorvastatin has also been studied. In one retrospective analysis of 15 hypercholesterolemia patients with PBC compared to matched controls found that, while atorvastatin use led to significant decrease in total cholesterol and LDL (p < 0.002), there was no significant difference in aminotransferase, alkaline phosphatase, total bilirubin or Mayo risk score. 47 A similar conclusion was reached in a study looking at the use of atorvastatin in patients with an incomplete biochemical response to UDCA. The authors concluded that, while atorvastatin did not improve cholestasis in patients with PBC, it was effective in reducing serum cholesterol. 48 A prospective, single-center study of 26 PBC patients treated with atorvastatin (10 mg daily) for 48 weeks showed a reduction in cholesterol levels, endothelial inflammation and improved vascular function. 49 Vascular status was measured via flow-mediated dilation and showed a significant improvement (from 7.16% to 8.36%, p < 0.05). Serum LDL cholesterol levels decreased significantly (from 171 mg/dL to 112 mg/dL, p < 0.001).
Discussion
Our systematic literature review yielded several key findings. The majority of studies evaluated did not show a statistically However, a large Swedish study did find a significantly higher risk for coronary artery disease in patients with PBC. 14 Furthermore, a systematic review of four observational studies found a statistically significant risk of coronary artery disease, even though individually the studies did not reach statistical significance. 9 These discrepancies are difficult to reconcile with the currently available data. Larger studies will be needed to provide a better understanding of true cardiovascular risk.
There is a growing body of literature on the uniqueness of the lipid profile in patients with PBC with hypercholesterolemia. Higher HDL concentrations, decreased harmful lipoprotein(a) concentrations, increased protective LpA-I, adiponectin, resistin and leptin concentrations have been observed. 17, 20, 24, 26, 27, 31 While this lipid profile is certainly dynamic and evolves with the progression of PBC, there is evidence to suggest that the specific lipid profile in PBC may have lower atherogenicity than in patients with hypercholesterolemia without PBC (Fig. 2) . This may explain the lack of an obvious correlation between hypercholesterolemia and cardiovascular disease in PBC patients compared to the general population. Further research into lipid profiles in PBC patients may yield important findings in lipid metabolism and anthogenesis that will not only help PBC patients but possibly non-PBC patients with hypercholesterolemia.
UDCA is the mainstay in PBC treatment. It also has concomitant lipid-lowering properties that further enhance its benefit in patients with hypercholesterolemia. Several studies have showed that UDCA significantly decreases total cholesterol. 43, 44 However, the decrease in cholesterol levels were strongly correlated to serum bilirubin levels, suggesting its primary lipid-lowering effect occurs via improvement of underlying liver disease from PBC. A primary lipid-lowering agent, such as a statin, may be of benefit in patients who do not fully respond to UDCA.
Patients with PBC-associated hypercholesterolemia and additional risk factors for cardiovascular disease are indeed at a higher risk for developing cardiovascular disease. Statin treatment is effective in treating hypercholesterolemia in PBC patients, and we agree with previous recommendations of strongly considering treatment when additional cardiovascular risk factors are present. 50 However, there is currently not enough evidence to suggest an increased risk in cardiovascular disease in patients with PBC-related hypercholesterolemia without additional cardiovascular risk factors. For these patients, treatment should be based on prognosis and discussion with the patient. There are several limitations with our systematic literature review. There are only a small number of large, longitudinal, population-based studies published, the likes of which would be needed to accurately evaluate cardiovascular risk in the PBC population. Thus, the conclusions made in this review are limited by the current data available, which are, at times, inconsistent. Furthermore, due to the relative rarity of PBC and the limited studies available, we were inclusive in our review. There were significant differences in methodologies and quality of the studies included and, consequently, it is difficult to provide recommendations based on conclusive evidence.
Over the last decade there have been significant new advancements in understanding cardiovascular risk in patients with PBC. While the majority of studies have not found an increase in cardiovascular disease in this population, further longitudinal data is needed to truly elucidate the risk.
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